Introduction
The Physical Activity and Health Innovation Collaborative (PA IC) is an ad hoc activity affi liated with the Roundtable on Obesity Solutions at the National Academies of Sciences, Engineering, and Medicine. The PA IC brings together individuals from various disciplines and sectors-such as academia, government, nonprofi t organizations, foundations, health care, and the private sector-to discuss strategies to promote active lifestyles among Americans. Consistent with this goal, the PA IC convened a panel of experts in April, 2017 to catalyze development of a more robust physical activity surveillance system in the U.S. Representatives from key organizations-including the American College of Sports Medicine, American Heart Association (AHA), Centers for Disease Control and Prevention (CDC), National Institutes of Health, and National Physical Activity Plan Alliance-formed a planning group and organized the meeting, which brought together 42 experts April [25] [26] 2017 , in Washington, DC.
The purpose of the meeting was to identify specifi c actions that could improve physical activity surveillance in the United States and to suggest approaches for moving forward on those actions. The experts attending the meeting represented four priority areas: 1) children and youth, 2) health care, 3) workplaces, and 4) community supports for active transportation. The experts used the 2014 meeting's overarching strategies and priorities identifi ed to guide the future of DISCUSSION PAPER physical activity surveillance as a framework for the initial planning [3] . Prior to the in-person meeting, participants engaged in advance work to decide on organizational schemes to guide the in-person discussions and identify current and existing surveillance systems related to relevant policies and programs for each priority area. On the fi rst day of the meeting, the subgroups met to identify critical gaps and opportunities for action to fi ll those gaps. In a full group session, the experts separated into subgroups focused on each priority area to share and discuss critical gaps and opportunities within each priority area. The full group also identifi ed issues that cut across the priority areas. During the second day, the subgroups identifi ed specifi c recommended actions within the four priority areas to improve physical activity surveillance in the United States, focusing on those actions that could be undertaken within one to three years. The critical gaps and specifi c actions identifi ed for the four priority areas are described in the sections below. Expert panelists, working in sub-groups for each of these four areas, identifi ed critical gaps and specifi ed high priority actions for improving surveillance of physical activity. A total of 23 recommended actions were selected to advance surveillance of physical activity in specifi ed population sub-groups and to enhance monitoring of institutional and community supports that infl uence physical activity behavior.
Children and Youth
The health eff ects of physical activity in children and youth are well documented. These include more favorable cardiometabolic risk factors, better weight status and body composition, and enhanced cardiorespiratory and muscular fi tness. In addition, higher levels of physical fi tness are associated with multiple positive indicators of health in youth, and both physical activity and physical fi tness are positively associated with academic achievement in children and youth [5, 6] . Further, there is growing concern that high levels of sedentary behavior may be associated with negative health outcomes in young people.
Because physical activity and physical fi tness are linked to children's health status, eff orts to monitor these characteristics in US youth have a long history. Physical fi tness was routinely assessed in representative samples of children and youth between the 1950s and the 1980s, and it was assessed in the National Health and Nutrition Examination Survey (NHANES) National Youth Fitness Survey in 2012 [7] . Monitoring of self-reported physical activity in high-school students has occurred regularly since 1991 through the Youth Risk Behavior Survey (YRBS) [8] , and accelerometer-measured physical activity was assessed in representative samples of US children and youth in the 2012 NHANES National Youth Fitness Survey. In addition, selected sedentary behaviors have been assessed in YRBS and the NHANES surveys [9] . The status of school physical education and other school-based physical activity policies and programs was assessed regularly at the national level from 1994 to 2016 through the School Health Policies and Practices Study [10] . School Health Profi les (Profi les), an ongoing system of surveys, assesses school health policies and practices in states, large urban school districts, and territories [11] . Profi les monitors the status of school-based physical education, classroom physical activity breaks, intramural sports, interscholastic sports, and access to physical activity facilities.
Gaps
As noted above, the physical activity surveillance system in the United States has included some important resources for assessing physical activity in children and youth. However, the system is also lacking in some areas. The subgroup on surveillance of physical activity in children and youth identifi ed two critical gaps.
First, existing physical activity surveillance systems provide ongoing monitoring of physical activity levels only for self-reported physical activity in high school students. Because YRBS reports on students in grades 9-12, large gaps exist in our knowledge of physical activity behavior in younger children (ages [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Of note, while limited as an overall measure of physical activity, data on self-reported physical activity is essential for other purposes, such as social context, physical context, and specifi c forms of physical activity. In addition, despite important advances in wearable devices that measure physical activity, current physical activity surveillance systems are not regularly using the data produced by these devices. Existing systems are limited in the extent to which they monitor children's participation in specifi c forms of physical activity or their engagement in specifi c types of physical activity programs (e.g., community-based youth sports programs, school-sponsored sports, dance lessons).
Second, physical activity in children and youth is infl uenced by a wide variety of factors, including en-vironmental factors and institutional policies and practices. However, comprehensive national surveillance of those environmental factors and policies and practices is currently not performed. No surveillance system monitors physical activity policies and practices in child-focused settings other than schools, including child care centers and community-based organizations.
Recommended Actions
Establish and administer a protocol that monitors, at regular intervals, physical activity, sedentary behavior, and physical fi tness in nationally representative samples of children and youth ages 2-18. Examples of key strategies could include:
• Incorporate into future cycles of NHANES physical activity and sedentary behavior measured by wearable devices, and measures of physical fi tness in children and youth ages 2-18.
• Modify or expand the existing YRBS to provide state-of-the-art information on participation in specifi c forms of physical activity and sedentary behavior, and expand the middle school YRBS to be representative of the United States.
Monitor participation of children and youth ages 2-18 in specifi c forms of physical activity and monitor their sedentary behavior (e.g., television watching, studying) by incorporating state-of-theart self-reporting instruments into existing programs and surveillance systems. Some examples of systems that could be modifi ed to address this include NHANES, YRBS, National Health Interview Survey (NHIS) [12] , and National Survey of Children's Health [13] .
Monitor prevalence of physical activity assessment, counseling, and referral of children by health care providers to community-based providers of physical activity services to youth (also see the "Health Care Settings" section). 
Health Care Settings
Strong scientifi c evidence demonstrates that physical activity both reduces the risk of many chronic medical conditions and provides eff ective treatment for many diseases. Hence, strong consensus exists that health care providers and health care systems should promote physical activity to patients. For example, Healthy People 2020 includes objective PA-11: "Increase the proportion of physician offi ce visits that include counseling or education related to physical activity" [19] . The National Committee for Quality Assurance's (NC-QA's) HEDIS includes quality-of-care measures for assessing physical activity in children and older adults and counseling on such activity [16] .
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Monitoring in the health care setting involves two activities: 1) assessing a patient's current level of physical activity and 2) providing advice and/or education about physical activity. The vast majority of health care providers now use electronic health records (EHRs) to document the assessments and services they provide. Thus, assessments of physical activity levels and documentation of advice are included in the EHR with increasing frequency. While EHR data on physical activity
are not yet part of national surveillance systems, major precedents exist for using EHR data in surveillance. Data on notifi able diseases collected in health care settings already contribute to national surveillance as part of the National Notifi able Diseases Surveillance System [20] . In addition, the CDC has demonstrated the feasibility of extracting and sharing EHR data for surveillance via its Biosense Platform-an integrated surveillance system for the rapid assessment of bioterrorism-related events [21] .
It is appropriate, then, to identify possible ways in which health care data systems can contribute to national surveillance of physical activity in US children and adults. This eff ort will require identifying gaps in current surveillance data and ways to improve data collection. Whereas other national physical activity data sources provide cross-sectional data, notably, EHRs can provide longitudinal data. Further, using EHR data is effi cient, as it provides useful information at three levels: personal (for patient care), local (for population management of diseases and risk factors by health care systems), and national (for surveillance).
Gaps
The subgroup on surveillance of physical activity in health care settings identifi ed four important gaps in existing surveillance systems in this area.
First, current surveillance systems have limited specifi city and capacity to characterize physical activity levels in population subgroups of interest, including people with specifi c diagnoses, specifi c high-risk groups, and rising-risk groups (such as those with an increasing risk of fall injuries). EHR data could potentially address this limitation. However, data on physical activity levels of patients are not yet widely documented in EHRs, and initiatives proposing that physical activity be added as a "vital sign" in the EHR have not yet achieved widespread success.
Second, there is no standardized and widely used quality-of-care measure for monitoring the quality of counseling on and promotion of physical activity in adults in health care settings (although, as noted above, NCQA HEDIS measures do exist for children and older adults).
Third, health care providers do not typically collect data on cardiorespiratory fi tness and muscle strength, despite the importance of fi tness to health and mortality risk and the fact that feasible clinical measurements exist (e.g., grip strength as a screening test for sarcopenia in older adults).
The fourth gap is commented on in other sections of this report: current surveillance systems are not measuring physical activity with wearable devices on a large-scale, ongoing basis. Wearable device technology for measuring physical activity is becoming inexpensive and relatively accurate, and many consumers use it widely. Part of the gap in the use of wearable device data is due to the underdevelopment of information technology for 1) storing and retrieving health care system data, 2) analyzing and interpreting data, and 3) harmonizing data from multiple sources to the national level is not yet well-developed.
For example, most health care systems currently cannot evaluate their eff orts to promote physical activity over time, cannot assess prevention of chronic diseases, and cannot calculate return on investment. Health care system assessments of physical activity and the metrics used to score those assessments are not standardized, which complicates data aggregation. An opportunity exists to explore the feasibility of including data from wearable devices in health care system data by launching pilot projects that measure physical activity in high-priority subgroups, where the return on investment is potentially high. There is a longer-term opportunity in the use of device-assisted measures of gait and balance, given that gait and balance are strong predictors of health and mortality risk as people age. For example, the Timed Up and Go (TUG) performance test is useful in assessing risk of falls. Recent studies suggest data from an accelerometer, worn during the TUG test, have the potential to improve the ability of this performance test to measure physical function and estimate risk of falls [22, 23] .
Recommended Actions
Expand the use of physical activity "vital sign" and "counseling" indicators in health care systems conducting population health management. Methods to measure these indicators already exist, and a dem-onstration project could leverage existing networks and data-sharing agreements to demonstrate the feasibility of using EHR data for surveillance.
Consider how national health surveys that include questions dealing with physical activity could address both measures of physical activity levels and counseling for physical activity. Currently, some surveys with physical activity content-such as the National Ambulatory Medical Care Survey-do not measure both physical activity levels and counseling.
Design and implement pilot and demonstration projects on the validity and feasibility of routine measurement of grip strength (or grip power) among older people. These measures could be piloted or added to "Welcome to Medicare" visits to systematically monitor muscle strength in older adults.
Design and implement pilot and demonstration projects that assess the use of low-cost, clinicbased, or self-administered walking tests as indicators of cardiorespiratory fi tness for older adults.
• For example, the 400 meter walk test can provide a valid estimate of aerobic capacity (peak VO2) in older adults [24] . Potentially, data from a wearable device worn during the walk test could improve the test's ability to estimate aerobic fi tness. • Priority groups for these projects include people at risk or rising risk for cardiovascular disease and/or type 2 diabetes.
Consider how, or if, age-appropriate, self-reported measures of physical activity could be incorporated into existing routine Medicaid assessment questionnaires that deal with preventive health behaviors in children and adults.
• For example, the Staying Healthy Assessment Questionnaire [25] used in California includes questions on physical activity. • Expanding surveillance in less advantaged populations helps track the eff ects of public health initiatives to reduce health disparities.
After identifying existing projects and/or implementing new projects, conduct use cases involving monitoring of patients with wearable devices.
• In these projects, select patient target populations based on factors such as morbidity status, utilization, cost, and potential for return on investments in monitoring (e.g., device costs and data analysis costs).
• Although it will take time to scale up surveillance with wearable devices, it is important to "break the ice" with projects that provide a learning laboratory for the use of wearable devices in physical activity surveillance.
Facilitate collaborations between health care systems and public and private partners to increase the capacity of health care systems to store, retrieve, analyze, and interpret physical activity indicators. Examples of key strategies could include:
• Envision a public-private partnership with resources from multiple sources that 1) build capacity to launch and evaluate initiatives to promote physical activity in patient groups, 2) use EHR data to monitor and manage adverse events due to physical activity, and 3) monitor physical activity levels among priority patient subgroups (e.g., physical activity levels in people with prediabetes as an indicator of eff ectiveness in preventing type 2 diabetes).
•
Off er health care systems incentives to use similar data analysis methods and share data to create national-level estimates of physical activity indicators.
Workplaces
Employed adults in the United States spend a majority of their time at work each day. Accordingly, the workplace setting provides an important opportunity to improve physical activity surveillance of adults across the population. Increasingly, employers are integrating physical activity and physical fi tness assessment into incentive design and programming. They are also using, and even purchasing, mobile health technologies for more accurate assessment. Surveillance opportunities in the workplace can capture physical activity levels for a signifi cant part of the day and help to evaluate workplace culture, program design, and policies that promote physical activity and active transportation to and from work. Vendors and health plans are collecting aggregate data from employers across a wide range of industry sectors, employer sizes, job locations, occupations, and types of employees. Some current surveillance systems capture information on workplace physical DISCUSSION PAPER activity (e.g., the Occupational Requirements Survey [26] , NHANES) and workplace supports for physical activity and physical fi tness assessment (e.g., Workplace Health in America [27]). Data systems that may be modifi ed for surveillance include Fitwel [28] and other similar eff orts that assess workplace building design and operations; numerous organizational health scorecards [29, 30, 31] that evaluate the degree to which workplace policies, programs, and environmental supports improve employee health and well-being; health risk assessments and biometric screening; and tracking device data repositories managed by health promotion vendors and suppliers.
Despite a substantial amount of existing data, current surveillance and data collection systems do not capture several key factors. In addition, connecting data from existing systems may provide a broader picture of how the workplace (and transportation to and from work) contributes to overall physical activity and physical fi tness across the US population and to identifying disparities.
Gaps
The subgroup on surveillance of physical activity in the workplace identifi ed several important gaps relevant to the adequacy of surveillance in this sector.
Currently, primary constructs for physical activity, physical fi tness, and sedentary time are not standardized or integrated across workplace surveillance systems. Additionally, the metrics used to measure physical activity and physical fi tness in health risk assessments are not standardized across workplaces and employers. It is important to have the ability to analyze consistent, aggregated data to correlate physical activity and physical fi tness with employer size, industry type, health equity attributes, and other demographic variables. Ideally, public and private sources could share data to foster surveillance opportunities on physical activity and physical fi tness in the workplace.
Employee-level data can be aggregated, de-identifi ed, and linked to national surveillance or clinical-level databases with appropriate consumer protections. Data privacy issues are paramount with individual-level information. Optimally, personalized health information about physical activity and physical fi tness, captured in a health risk assessment or biometric screening, can be linked to the employee's EHR to create linkages to the health care system. The fi rst step is to develop, disseminate, and adopt common metrics for best practice measurement of individual-level physical activity, physical fi tness, and sedentary behavior that could be used consistently in data collection eff orts through health risk assessments, biometric screening, and/or wearable devices. It will be important that these best practice workplace physical activity and physical fi tness metrics are congruent with the Americans with Disabilities Act, Occupational Safety and Health Administration regulations, and state or other regulations that address physical requirements in the workplace.
It is also important to have clear and consistent metrics to evaluate workplace culture, building design, leadership role modeling, and employer support for physical activity and physical fi tness. With this information, business leaders, architects, vendors, program designers and human resources personnel will be able to understand the main facilitators of and barriers to successful physical activity-and physical fi tness-promoting policies and programs. Current resources do not exist to support comprehensive, longitudinal surveillance eff orts, which would coordinate existing systems and fi ll gaps in datasets.
Recommended Actions
Identify steps to develop a public-private collaborative to convene vendors, employers, and health plans to prioritize constructs and harmonize data collection for the surveillance of workplace physical activity and fi tness. Examples of key strategies could include:
• Convene public and private stakeholders to develop and prioritize key indices for workplace physical activity and fi tness. [36] .
Investigate the opportunity to include organizational health scorecards (e.g., Fitwel, HERO, AHA, CDC) in workplace surveillance.
Community Supports for Active Transportation
Community supports for physical activity can help to adjust behavior, including the increased use of active forms of transportation. These supports can take numerous forms, including built environment design, policies, social environments, and programs. Active transportation is any human-powered means of travel, such as walking, biking, or wheelchair rolling. Public transport is also a form of active transportation, because it involves walking at the beginning and end of most trips. Community design can support active transportation in various ways, including by locating residences within short walking distance of stores, workplaces, public transportation, and schools. Street design can enhance pedestrian and bicyclist safety by providing sidewalks or paths between destinations that are well connected, safe, and attractive; improving street crossings; and reducing traffi c speed. Communities can plan, design, construct, retrofi t, and maintain streets and public spaces in ways that make physical activity easier to incorporate into daily life. Zoning codes and policies, such as form-based codes and Complete Streets policies, can act as levers to encourage and support these active design changes.
Programs such as Safe Routes to School and other initiatives can promote active transportation by increasing awareness of opportunities, changing attitudes, and creating incentives for walking and bicycling. Several recent eff orts-such as Step It Up! The Surgeon General's Call to Action to Promote Walking and Walkable Communities [37] and the Community Preventive Services Task Force [38] recommendation for combined built environment approaches to increase physical activity-have called for promoting community supports for active transportation. Though the evidence for these environmental, policy, and program strategies is widely accepted in public health, much work is needed to improve the surveillance of these initiatives. The goal of improved surveillance is to provide evidence of progress and guide further eff orts to enhance the quality, reach, and equity of community supports for active transportation.
An initial step of the group of experts that authored this paper was to identify and prioritize constructs for the surveillance of community supports for active transportation. The workgroup created an initial list of 20 major constructs and identifi ed seven constructs as the highest priorities to consider for surveillance actions (see Box 1). Priority status was based on the level of evidence that the construct relates to higher physical activity, its relevance to active transportation, and the potential for change over time. In addition, the group considered the potential overlap between constructs and the breadth of constructs covered.
Gaps
No surveillance system routinely and comprehensively monitors individual perceptions of community supports for active transportation at the national, state, and local levels. National surveys, such as the NHIS, have asked individuals about the presence of a support or barrier at one point in time. Several validated selfreporting questionnaires that assess individual perceptions of community supports exist, and these could be incorporated into existing survey-based surveillance systems. However, the length of these questionnaires can be a barrier to use.
Public datasets from national surveillance systems lack geospatial information, which limits their use for examining estimates below the state level and for linking survey data with other data sources, such as policy or geographic information system (GIS) data tied to specifi c geographic areas (e.g., municipal jurisdiction or census block group). In some cases, restricted datasets available at a research data center allow access to geospatial information that can facilitate linking data; however, in most cases, local-level estimates are not possible given small sample sizes. Local data are particularly important because land-use and many transport decisions are made at the local level, and the presence of community supports varies widely within and between communities.
Centralized, consistent, and easy-to-use GIS datasets that off er information on a comprehensive set of community support measures are lacking. Some relevant measures of community supports are available as part of spatial data within existing national GIS datasets (e.g., the Environmental Protection Agency [EPA] Smart Location Database [39] , Fatality Analysis Reporting System [FARS] [40], Esri Business Analyst [41] ). However, these data are often complicated to use, especially for local practitioners who may not have the resources to conduct spatial analysis. Quality, completeness, and date of collection are often unknown for GIS data. GIS measures can vary in the scale at which they provide data, which may not match the user's level of interest (e.g., individual residences, at the census block group). The underlying data and schema used for collection and derivation of measures are not standardized across jurisdictions. This can make it unclear how or if data from diff erent sources are comparable. Finally, GIS measures are not centrally stored, making it challenging to fi nd and combine measures into a common scale or unit.
Methods for active transportation-related policy surveillance are complex. All levels of government adopt active transportation-related policies to some degree, but these policies are most often sustainably deployed at the county and municipal levels. Examples of active transportation-related zoning and policies include form-based and new urbanist zoning codes, which, by design, are pedestrian-oriented; Complete Streets policies; and Safe Routes to School policies. Collecting and abstracting information about such policies can be resource intensive. Compiling such policies nationally is feasible, because most jurisdictions have this information posted digitally; however, such policy collection may take substantial time and eff ort, depending on the scope of the surveillance and what information is included in the system. Abstraction and evaluation of the content of these policies for inclusion in a surveillance system are more resource intensive activities than simply collecting the policies. There is a need to fi nd the right balance between simplicity and abstraction for surveillance of active transportation-related policies.
Feasible methods to incorporate alternative approaches for assessing community supports for active transportation into surveillance are lacking. Audit (systematic observation) tools for assessing community supports for active transportation are available. However, these assessments are also resource intensive, and tools diff er in scale (e.g., whole neighborhood versus street segment) and breadth of information collected. In the medium term, audit data could be collected by working with organizations that could use a citizen science approach to collect data. If national organizations could engage local affi liates, it may be possible to accumulate a nationwide database of audits. A longerterm approach would include conducting audits remotely by abstracting information from available aerial photos or images (e.g., Google Street View) using computer-based algorithms. However, wide-scale remote audits would require developing a valid method to automate abstraction of the relevant constructs from the images and would require documenting the reliability and validity of using photos or images for the measure. An alternative would be to have community members (i.e., citizen science) collect data on the presence and quality of community supports. Reliability and comparability of these data across auditors would need to be established, and using tools such as Open Street Map may help improve data quality and consistency.
Surveillance data related to programmatic and social environment constructs are not routinely col-
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lected. There is some data collection of programmatic supports in schools (e.g., Safe Routes to School) and employer-sponsored programs (e.g., incentives to promote participation). To develop questionnaires for assessing the presence of programmatic and environmental supports across a variety of settings, the fi rst step is to identify key measures to capture these constructs. Using information related to local-, state-, and national-level programmatic funding and budgeting may be a viable method for collecting information on resources provided to programmatic and social environment supports. The challenges in collecting such information include the lack of consistency in compiling and reporting this information as well as the lack of identifi ed groups and resources to support data collection.
Recommended Actions
Regularly include measures of community supports for active transportation in national, state, and local surveillance systems. Examples of key strategies could include:
• Develop a plan for collecting audit data on a national level to measure community supports for active transportation. Examples of key strategies could include:
• Identify a brief set of prioritized constructs that could be assessed using audits. • Develop and validate computer-based algorithms for automating remote audits using online images. • Explore methods for capturing local-level constructs using automated remote sensing or citizen science.
Develop better measures for capturing programmatic and social environment constructs (e.g., walk-to-school programs, social cohesion, crime). Examples of key strategies could include:
• Identify the key measures to capture programmatic and social environment constructs.
•
Create validated survey questions to assess key programmatic and social environment constructs related to active transportation to or from specifi c settings (e.g., school, workplace, community).
• Explore the use of alternative data sources (e.g., information on programmatic funding, local record collection) for measuring these key constructs.
Summary and Conclusions
The group of experts that authored this paper has identifi ed numerous important gaps in the current US physical activity surveillance system. The group recommended 23 actions that, if executed, would produce a much more robust system for monitoring physical activity behavior in the US population and for assessing the status of policies, programs, and elements of physical infrastructure that infl uence participation in physical activity. Many of the recommended actions call for the enhancement of existing surveillance systems. Some of the recommended actions highlight the value of developing new or modifi ed methodologies, and many of these methodologies would take advantage of emerging technologies for observing human behavior or professional practice.
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